Rate model for temporal evolution of state populations
The fit model used to determine excited state lifetimes and the deprotonation yield through decay from the 2-TP T 1 state is based on a set of coupled ordinary differential equations for the populations ξ of the individual states.
ξ 2-TP T 1 (t) = −(k 0 + k 1 )ξ T 1 (t) ξ 2-MP/TP − (t) = k 0 ξ T 1 (t) − k 2 ξ 2-MP/TP − (t) ξ hot 2-TP S 0 (t) = k 1 ξ T 1 (t) + k 2 ξ 2-MP/TP − (t) − k 3 ξ hot 2-TP S 0 (t) ξ 2-TP S 0 (t) = k 3 ξ hot 2-TP S 0 (t)
The temporal evolution of the state population was determined numerically using 10 picosecond time steps and initial conditions ξ 2-TP T 1 (0) = 1, ξ 2-MP/TP − (0) = 0, ξ hot 2-TP S 0 (0) = 0 and ξ 2-TP S 0 (0) = −1 modeling the exclusive initial 2-TP T 1 state population within our temporal resolution.
The contribution of spectral contrast of of the transient species at the different photon energies was defined as follows. ξ 2-TP T 1 contributed at all investigated energies, ξ 2-MP/TP − contributed to all traces except 400.5 eV, ξ hot 2-TP S 0 contributed to all traces except 397.8 eV and ξ 2-TP S 0 contributed only at 400.5 eV. The populations were convoluted with a gaussian with a full width at half maximum of 84 picoseconds, which models the broadening imposed by the X-ray pulse length.
The approximated amplitudes of each specie at the different energies and transition rates are summarized in Tab. 1. Standard errors are given for the fit-parameters. For the excitation energies 398.9 eV and 399.8 eV the fitted amplitudes are given for the delay dependent intensity over the short delay range in Fig. 3a for the long delay range the amplitudes were scaled due to slightly varying spatial overlap of the pump and the probe pulse between different scans. 1.46 ± 0.03 0.48 ± 0.02 0.97 ± 0.03 28 ± 9
Sulfur 1s X-ray absorption signatures of the investigated species
The sulfur 1s X-ray absorption spectra of the species discussed in the main article were simulated similarly to the N 1s spectra, with a few key changes:
1. The PCM model was set to acetonitrile, rather than aqueous, solution. Therefore, the energies of the states differ between 2. The RAS1 space included the S1s, rather than the N1s, core-orbital.
3. The RAS2 space included the highest lying occupied σ and lowest lying unoccupied σ * orbitals, in addition to the previously described. These orbitals have minimal effects on the non-core excited states, but in the core-excited states they both naturally localize towards the S1s core-hole and thereby give rise to some of the S1s NEXAFS features.
The results are presented in Fig. 1 
The states have been enumerated according to their 2-TP energies; states in 2-MP and 2-TP − are instead denoted to correspond to the same excitation characters as in 2-TP, without consideration of their intenral energy ordering.
[b] The energies of 2-TP − have been shifted by -13.47 eV to align 2-TP S 0 and 2-TP − S 0 , as the PCM model cannot be applied to accurately account for interactions of the removed proton with the aqueous solvent surrounding; all presented 2-TP − energies thereby constitute a lower-bound for the true relative energy.
